BACKGROUND
One of the contributors to misuse of controlled prescription drugs is multiple-provider prescribing, 1,2 whereby individuals receive concurrent prescriptions for controlled substances from multiple providers, either as a result of fragmentation in patient care or Bdoctor shopping^among medication diverters. 3, 4 In 2011, the Centers for Disease Control and Prevention (CDC) reported 22,810 deaths in the US from pharmaceutical overdose. 5 Prescription benzodiazepines, used primarily for the relief of anxiety and insomnia, are one of the most common drug classes involved, accounting for 30 % of all overdose deaths. 5, 6 The 2010 National Survey of Drug Use and Health reported an estimated 186,000 new abusers of benzodiazepines. 7 In efforts to curtail the problem, in 1993, the US Congress enacted federal legislation to support the establishment of state-based prescription drug monitoring programs (PDMPs) as a public surveillance tool to track all transactions for controlled substances and to inform clinicians and pharmacists of patients' prescription history. To date, however, uptake of these programs has been slow. [8] [9] [10] Here, we ask the question: does care coordination diminish the chance of multiple-provider prescribing of benzodiazepines? Care coordination involves a coherent approach to patient management amongst providers, through sharing of care plans and patient information. Fragmentation of care underlies many of the problems in the US healthcare system, contributing to unnecessarily high rates of health services use and spending, and exposing patients to lapses in quality and safety. 11 Indeed, failure in care coordination is the root cause of many preventable patient harms, estimated to represent between $25 billion and $45 billion in annual spending. 12 The accountable care organization (ACO) model is an attempt to address this problem through the alignment of accountability for providers across the continuum of care. 13, 14 This is to be accomplished by grouping hospitals and physician practices together to facilitate quality improvement and cost containment. The extent to which care team structures can influence quality of care has yet to be ascertained. Recent studies have begun to use social network analysis tools to characterize the professional relationships among providers, using the number of shared patients as an indicator of the strength of provider collaborative relationships. [15] [16] [17] [18] [19] [20] The underlying concept is based on the premise that providers exchange information and establish rapport in the process of providing care to shared patients; providers who share a greater number of patients should therefore have stronger collaborative relationships and will be able to provide better coordinated care. Several studies have demonstrated a direct correlation between the cost of care and hospital readmission rates for individual patients and the number of patients shared among the providers caring for them. 15, 16 In the context of prescription drug misuse, we hypothesized that 1) individuals whose providers rarely share patients have a greater likelihood of being prescribed controlled substances by multiple providers, and 2) provider pairs who rarely share patients are more likely to co-prescribe controlled substances to their shared patients. We tested these hypotheses, focusing on benzodiazepine prescriptions in the outpatient setting.
METHODS
We conducted a retrospective analysis of healthcare claims from the HealthCore Integrated Research Database  (HIRD  TM ) , 21 which contains longitudinal data from 14 Anthem-affiliated Blue Cross and/or Blue Shield licensed plans across the US. The data spanned the years 2008 through 2011, and included information on beneficiaries' demographics, outpatient visits, prescription medications, and providers. Charlson comorbidity index scores were calculated and provided by HealthCore based on comorbid conditions identified across all inpatient and outpatient visits during the study period. 22 The study was approved by a central institutional review board used by HealthCore, Inc., and it was designated as exempt by the Committee on Clinical Investigation at Boston Children's Hospital.
To adequately capture relationships among providers, we limited our study to four regions where commercial health plans contributing to the HIRD cover a large fraction of the market. These regions were identified by combining ZIP Codes where 1) the HIRD population in the ZIP Code area represented at least 30 % of the local 2010 US census, 2) the ZIP Code was among the top 30 % of the state's ZIP Codes for HIRD enrollment size, 3) the ZIP Code was surrounded by others meeting criteria 1 and 2, and 4) a 50-mile buffer around the region did not extend into a state where the plan was not a major insurer. Together, 293 ZIP Codes, located primarily in the urban areas of four midwestern and southern states, and 521,145 beneficiaries were included. The median care team size was four providers; on average, each provider had 185 patients. Further details of the regions and network characteristics are described in a previously published study. 20 
Patient-Sharing Networks
To construct patient-sharing networks, we used outpatient encounter data for all patients in our dataset. We characterized the professional relationships among the full constellation of ambulatory care providers involved in the care of each patient. Providers in specialties not associated with routine ambulatory care (e.g., pathology, anaesthesia, radiology, emergency medicine) were excluded. Furthermore, we excluded providers with fewer than 50 patients during the study period, as they were unlikely to be part of the healthcare network throughout the period, given the small number of patients.
The presence of shared patients was used to infer collaborative relationship between providers. A network tie was formed between two providers if they had an encounter with one or more common patients, including patients not prescribed benzodiazepines during the study period.
Network metrics were derived to infer the degree of collaboration among providers:
(1) Patient-centric measure: To measure care team cohesion for individual patients, care density was calculated, defined as the ratio between the total number of patients shared by provider pairs within a patient's care team, and the total number of provider pairs within the patient's care team (Fig. 1) . 15 A greater care density value indicates a greater number of shared patients among providers within a care team relative to the size of the care team, thus inferring stronger care team cohesiveness.
(2) Provider-centric measures: The strength of the professional relationship between two providers was inferred by the total number of patients they shared as well as the percentage of patients shared (defined as the ratio between the number of patients shared and the total number of patients seen by two providers). To explore additional network-based variables, we computed Jaccard similarity 23 to quantify the similarity in the professional network of each provider pair, defined as the ratio between the intersection and union of shared providers ( Fig. 1) . A greater Jaccard similarity value indicates a greater overlap between the collaborator sets of two providers, thus inferring a stronger tie between the provider pair.
Multiple-Provider Prescribing of Benzodiazepines
We identified patients who were prescribed overlapping benzodiazepines by multiple providers, with overlapping coverage of 14 or more days, as well as provider pairs who prescribed these medications. All benzodiazepines were considered, including alprazolam, chlordiazepoxide, clonazepam, clorazepate, diazepam, estazolam, flurazepam, halazepam, lorazepam, midazolam, oxazepam, quazepam, temazepam, and triazolam. To ensure that overlapping prescriptions were not a result of a deliberate change in medication regimen, overlapping benzodiazepines dispensed by the same provider were disregarded. Prescription medications were identified by their National Drug Codes.
We restricted our patient cohort to all adult beneficiaries (between 18 and 64 years of age) who were continuously enrolled for 3.5 years and who had two or more outpatient prescriptions of benzodiazepines dispensed by multiple providers (Fig. 2) . Since we sought to study the impact of provider relationships on prescribing behavior, beneficiaries receiving benzodiazepines from a single provider were excluded.
Study Outcomes
We assessed the impact of provider professional relationships on the occurrence of multiple-provider prescribing of benzodiazepines. Specifically:
(1) Patient-centric measure: We assessed the relationship between the care density of a patient's care team and the patient's risk of receiving overlapping benzodiazepine prescriptions;
(2) Provider-centric measure: We examined the relationship between multiple prescribing of benzodiazepines by a provider pair and the number and proportion of patients shared by the two providers and their Jaccard similarity. We further assessed the specialties of each provider pair, and the total number of providers linked to the provider pair.
Statistical Analysis
Descriptive statistics and univariate analysis (t test for continuous variable, chi-square analysis for categorical variables) were performed to characterize and compare the attributes of patients and provider pairs who were involved in one or more multiple provider episodes of benzodiazepine prescriptions with those who were not. Effect size of continuous and categorical variables were calculated using Cohen's d measure and phi coefficient, respectively. Backward stepwise logistic regression analyses were conducted to evaluate the independent effect of care density on the likelihood of exposure to overlapping benzodiazepine prescriptions. Care density was dichotomized at the median care density of the study population (defined as greater or less than the median care density). Exposure to overlapping benzodiazepine prescriptions was defined as a dichotomous variable (defined as either no Fig. 1 Example of patient-sharing network. In this example, the care team for patient P1 consists of three providers (A1, A2, A3), and each provider pair has one shared patient (P1). Care density is defined as the ratio between the total number of patients shared by provider pairs in a care team and the total number of provider pairs in the care team. The care density for patient P1 is calculated as (X 12 + X 23 + X 13 )/3, which equates to 1. To measure the relationship between providers A1 and A2, we examine the number of patients they share and the number of providers with whom they collaborate. Provider A1 has one patient (P1), and provider A2 has two patients (P1, P2). There is one shared patient between them (P1), and the proportion of shared patients is 1/2. Provider A1 has two collaborators (A2, A3) and provider A2 has four collaborators (A1, A3, A4, A5). The provider pair A1/A2 has a total of three collaborators, and only one shared collaborator (A3). Jaccard similarity is defined as the ratio between the intersection and union of shared provider. In this example, the Jaccard similarity of provider pair A1/A2 is 1/3.
overlapping benzodiazepine prescriptions, or one or more overlapping benzodiazepine prescriptions). Covariates included patient age, gender, Charlson comorbidity index score, number of providers, total number of days benzodiazepines were prescribed, the presence of a primary care provider (PCP) or psychiatrist in a patient's care team, benzodiazepines prescribed by a PCP or psychiatrist, and the percentage of prescribers who were in a patient's care team. To detect potential multicollinearity among variables in the multivariate regression analysis, we measured the variance inflation factors (VIF) for each regression variable. 24 Analyses were conducted using SAS statistical software, version 9.4 (SAS Institute Inc., Cary, NC, USA). All tests of statistical significance were two-tailed and used an α level of p<0.05.
RESULTS
There were 521,145 subjects in our dataset; 26,775 (5.1 %) patients received at least one benzodiazepine prescription during the study period. Study participants included 5659 patients who had two or more benzodiazepine prescriptions dispensed by multiple providers (Table 1) . Of these patients, 1028 (18.2 %) received multiple prescriptions of benzodiazepines, with overlapping coverage of more than 14 days. A total of 1448 provider pairs were included in our study; 918 (63.4 %) comprised at least one PCP (Table 2) . Among provider pairs, 445 (30.7 %) co-prescribed overlapping benzodiazepines to one or more patients. Patients with overlapping benzodiazepine prescriptions had more total benzodiazepine prescriptions over the course of the study period than those without overlapping prescriptions (p<0.0001).
Patient-Centric Measure
The median care density of the study population was 9.7 (Fig. 3) . The median care density of patients who were prescribed overlapping benzodiazepines was lower than that of patients who received no overlapping prescriptions (p<0.0001) ( Table 1) .
Backward stepwise logistic regression confirmed an independent association between overlapping benzodiazepine prescriptions and median care density (OR 0.84; 95 % CI 0.73-0.98; p=0.028) ( Table 3 ). The likelihood of being prescribed overlapping benzodiazepines was also associated with seeing a greater number of providers, total benzodiazepine days prescribed, receiving a benzodiazepine prescription from a PCP, and having sought care from a psychiatrist. There was no independent association between overlapping benzodiazepine prescriptions and age, gender, Charlson comorbidity index score, or the presence of a PCP in the patient's care team, and these variables were thus excluded from the final model (Table 3) . Multicollinearity in the multivariate regression analysis was ruled out, since the calculated VIF for all regressor variables was less than 1.01. 24 
Provider-Centric Measure
Provider pairs who shared a greater number of patients were less likely to co-prescribe overlapping benzodiazepines (p=0.001) ( Table 2 ). On average, provider pairs who did not co-prescribe overlapping benzodiazepines shared 41.7 patients (6.2 % of all patients under their care), while provider pairs who prescribed overlapping benzodiazepines shared 28.7 patients (4.5 % of all patients under their care). Similarly, a higher percentage of shared patients between two providers was associated with a lower risk of overlapping benzodiazepine prescribing (p=0.0013). The Jaccard similarity among provider pairs was also significantly associated with the likelihood of overlapping benzodiazepine prescriptions (p=0.0003). However, the combined total number of collaborators linked to the provider pairs was not associated with the likelihood of overlapping benzodiazepines prescribing. Among provider pairs who co-prescribed overlapping benzodiazepines, 26.7 % involved two PCPs and 20.2 % involved a PCP and a psychiatrist. 
DISCUSSION
This is the first study to apply network analysis to examine the impact of provider relationships on multiple-provider prescribing. Using readily available administrative data, we constructed professional networks of providers based on the number of patients shared among providers. Network metrics were then derived to infer care coordination. We quantified the cohesion of a patient's care team using care density, and demonstrated a significant relationship between care density and the likelihood that a patient was prescribed overlapping benzodiazepines. Furthermore, we extended the concept of shared patients to characterize the professional relationships between individual provider pairs, and used Jaccard similarity to infer the strength of the relationships within provider pairs. We showed that both number and percentage of shared patients between two providers and Jaccard similarity were significant predictors for overlapping benzodiazepine prescriptions by a provider pair. These findings strongly suggest that care team structures and poor care coordination are significant risk factors for unsafe prescribing practices.
The risk factors for multiple-provider prescribing have been reported in a number of studies. [25] [26] [27] [28] Consistent with existing literature on the misuse of prescription drugs, we found that patients who had a psychiatrist in the care team were more likely to be exposed to multiple-provider prescriptions of benzodiazepines. 25, 26 In-depth analysis of care team composition revealed that a significant proportion of patients who received benzodiazepine from a psychiatrist had a concurrent benzodiazepine prescription from a different provider (Table 3) , signifying the need for greater care in treating and monitoring these patients. Patients with psychiatric illness often present with other medical conditions; the need for an integrated care approach that promotes collaboration among psychiatrists, PCPs, and other medical professionals caring for these patients is well recognized. 29, 30 One strategy that has been proven effective in a number of randomized controlled trials is a collaborative care plan that implements active follow-up by a non-physician care manager or nurse, who proactively monitors patients' progress and facilitates care coordination with their physicians. [30] [31] [32] While the initial costs of setting up such an intervention may be high, in the long term, they are offset by the reduced need for medical care. 33 Our findings differ from existing studies in a number of ways. First, previous studies have found the number of prescribers to be the strongest predictor of multiple-provider prescribing of controlled substances. 27, 28 Consistent with these studies, in univariate analysis, we showed a significant relationship between the number of prescribers and overlapping benzodiazepine prescriptions; however, the association became insignificant when considered alongside care density in multivariate analysis. This suggests that the root of the problem lies not in the number of prescribers, but rather in the poor coordination of care among the prescribers. Second, we expected patients with higher comorbidity to have a greater risk of overlapping benzodiazepine prescriptions, reflecting the complexity of caring for sicker patients, but this was not observed in the multivariate analysis. Third, contrary to existing literature showing a link between availability of primary care services and improved care quality, 27, 34 we did not find an association between the presence of a PCP and safer prescribing behavior, and having a PCP in the care team did not prevent multiple-provider prescribing (Table 1) . Moreover, our finding that PCPs were involved in a large proportion of multiple benzodiazepine prescriptions suggests a need to reexamine how PCPs can be better equipped to coordinate care effectively. Concerns are increasingly being raised about the declining number of PCPs in the US. An entire generation of PCPs will retire within the next decade, without having been replaced by an equal number of younger PCPs. 35 With the growing panels of patients, PCPs can no longer provide a high quality of care. 36, 37 Because PCPs are the foundation of coordinated care, this need must be urgently addressed.
We chose care density as a measure of collaborative strength based on the premise that providers who shared more patients were more likely to have stronger ties. In the context of multiple prescribing of benzodiazepines, providers who share a greater number of patients are likely to have developed a stronger rapport, and thus are able to detect and prevent overlapping prescriptions. Furthermore, patients involved in Bdoctor-shopping^are less likely to obtain prescriptions from providers with close ties, and their care-seeking behavior is reflected in an inflated care density value. Care density is who are repeatedly seen by different providers. Not only are these patients exposed to the harms associated with fragmented care; they also have a tendency to consume a larger share of healthcare expenditures. [38] [39] [40] It should be noted, however, that the number of patients shared by providers may also be influenced by other factors, such as crosscoverage within the same practice. Since claims do not capture group practice designations, we were unable to account for intra-organizational patient sharing, and therefore may have overestimated the collaborative ties among cross-covering providers. Providers from the same practice have shared infrastructure and policies, and thus improved care coordination among these providers is expected. Nonetheless, these factors are no less important when designing care teams and in preventing multiple prescribing of benzodiazepines.
Our study lends support to the feasibility of using network metrics derived from provider networks as a surveillance tool, complementing existing PDMPs. Despite implementation of these programs, the incidence of prescription drug overdose in the US continues to rise. [41] [42] [43] Poor data quality has been implicated as a barrier to the uptake of the programs. 44, 45 PDMPs are statebased initiatives. Since not all states implement these programs, and because data are generally not shared among states, inter-state prescribing activities cannot be adequately captured. 43 The medications being monitored also vary from state to state, with some states monitoring only Schedule II drugs, with others extending surveillance to Schedule II-V drugs. The lack of complete data limits the effectiveness of such programs. In contrast, our approach leveraged existing nationwide administrative data sources to capture prescribing practices. Since all prescriptions are systematically recorded across all states, our data provide a complete medication history of patients. Given the increased use of the electronic health record, network metrics can be easily calculated and integrated into electronically derived measures of coordination, enabling real-time surveillance of prescribing practices without imposing additional work on overburdened providers.
Our study is subject to several limitations. First, we ascertained provider relationships based on the presence of shared patients using claims data from a single commercial health plan. As such, we may have missed shared patients covered by other health plans and out-of-network providers. To mitigate this limitation, we chose regions with substantial market penetration by the health plan that provided the study data. Second, we could not determine whether the overlapping benzodiazepine prescriptions were deliberate. While there is no pharmacological basis for the use of more than one benzodiazepine by the same patient, overlapping benzodiazepine prescriptions may indicate a change in drug regimen. We minimized this limitation by considering only prescriptions that overlapped for more than 14 days. Third, due to data limitations, we could not adequately capture other potential confounders, including geographical variations in care team structure, number of inpatient visits, and benzodiazepine prescriptions that were not reimbursed by the insurer. Future research should examine the temporal patterns of benzodiazepine prescriptions through detailed chart reviews to further inform strategies for reducing multiple-provider prescribing of benzodiazepines. Lastly, we have assumed that providers who share patients have stronger collaborative relationships, and we applied care density to infer the strength of the relationship. We cannot, however, validate this assumption using our current dataset. Nonetheless, care density appears to be a significant predictor of multiple prescribing of benzodiazepines.
CONCLUSIONS
In this study, we applied social network analytics to measure care coordination at a population level, and showed that professional relationships among care providers could have a significant impact on prescribing behavior. Our analysis highlights the importance of care coordination, and demonstrates the feasibility of using patient-sharing network analysis to address multipleprovider prescribing of controlled substances. While our study focuses on multiple-provider prescribing of benzodiazepines, patient-sharing network analysis is a powerful tool that can be applied to measure and predict other patient outcomes.
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